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Abstract. This paper introduces the EMuRgency project. The project has the 
goal to increase awareness and competences regarding the problem of cardiac 
arrest in the Euregio Meuse-Rhine (EMR) and to use socio-technical innova-
tions to transfer it into a smart learning region. Based on the conscious compe-
tence framework solutions for stakeholders on different levels of the framework 
are introduced, namely a public display network, mobile learning apps and a 
volunteer notification system. Finally, a future research outlook is given.  
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1 Introduction 
Sudden Cardiac arrest is a medical condition in which the heart sud-
denly and unexpectedly stops beating. In Europe, it is estimated that 
approx. 350 000 people die from cardiac arrest each year [1]. Tradi-
tional interventions have neither sufficiently decreased mortality rates 
nor increased the rate of cardiopulmonary resuscitation (CPR) especial-
ly by first responders. In the Euregio Meuse-Rhine (EMR), the rate of 
bystander resuscitation is approx. at 27% [2]. In other countries and 
regions there is a rate between 65% and 75% of bystander resuscitation 
before the professional emergency medical services (EMS) arrive on 
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scene. The project “EMuRgency-New approaches for Resuscitation 
Support and Training” is a socio-technical innovation project with the 
target to increase the rate of bystander resuscitation and on the long run 
increase survival chances and the quality of life in our region. In this 
paper we describe the overall concept, activities and the technical archi-
tecture of the project and discuss the connection between the technical 
artifacts, stakeholders and the educational opportunities. 
2 Problem description 
The problem of cardiac arrest has a long history in science and tech-
nology. According to Cooper et al. [3] the first initiatives for training of 
experts have been started around 1930 while the formal training of 
laymen has been even sanctioned in 1974. Nowadays, after years of 
research and monitoring of survival rates, resuscitation councils 
worldwide and the International Liaison Committee on Resuscitation 
(ILCOR) have constantly updated the guidelines for CPR, making it 
difficult for laymen and even professionals to stay aware of the latest 
guidelines and requirements for resuscitation. While for a long time 
there was a focus on educating only experts and to provide the highest 
standards possible (including artificial respiration (mouth-to-mouth) in 
exchange with cardiac massage) the update of the guidelines in 2010 
[1] has opened the way for the so called “hands-only” CPR for laymen. 
Hands-only CPR by bystanders has been shown to deliver sufficient 
quality to improve survival rates compared to conventional CPR [4]. A 
meta-analysis has found that an increase of survival rates of approx. 
22% can be reached when dispatcher-assisted hands-only CPR has been 
delivered to victims of a cardiac arrest [5].  
In general, research has acknowledged that for a time-critical inci-
dent like a cardiac arrest in combination with arrival times of profes-
sional emergency services in Europe between 8 – 10 minutes, the effi-
cient training of laymen is important to increase survival rates [6, 7]. 
Recently mobile devices have been used to offer training or perfor-
mance support for CPR. Kovic & Lulic discuss the role of mobile de-
vices in the so-called “chain of survival” [8]. In another study it has 
been confirmed that the use of a notification system for bystanders is an 
effective method to lead potential first responders to the victim and 
therefore decrease the untreated time-interval before cardiac massage is 
conducted [9]. 
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From an educational perspective, the required knowledge and com-
petences to perform efficient CPR are not very complex; nevertheless, 
in order to persist them and to have a sufficient level of self-efficacy to 
perform it in an emergency scenario, it is still an issue for research and 
development. While projects in the domain of technology-enhanced 
learning often focus on the development of solutions for complex prob-
lems for a small number of experts in the project we are facing the op-
posite problem: How to increase awareness, knowledge and self-
efficacy for a problem that requires only a small set of competences and 
knowledge from a large number of people? For this purpose the activi-
ties of the project are organized along the so called “conscious compe-
tence matrix” as depicted in fig. 1. 
 
 
Fig. 1. The Conscious Competence Model 
This competence model assumes that all learning processes start 
from a state of unconscious incompetence. In this state the learner is 
not aware about his incompetence and the skill area or problem. The 
aim of any intervention on this level is to move a learner from this 
stage to the stage of conscious incompetence. On this stage a learner 
becomes aware of the existence and importance of a skill and ideally 
makes a commitment to improve these skills. The next stage is the con-
scious competence stage. This stage is reached when a skill can be per-
formed reliably at will. On this stage the learner can perform the skill 
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without assistance but it is not already an automated skill. Practice and 
repetition is required in order to move to the last stage of the model. 
The highest stage of the model is achieved when a skill becomes auto-
mated. 
In the EMuRgency project we are focusing on the first three levels of 
the competence model. Technological and educational innovations are 
developed to reach people on these levels. Table 1 shows the compe-
tence models, activities and stakeholder groups of the project. These 
levels are not exclusive, but the project is aiming to lead people from 
the general public through these levels. 
 
Competence Level Activity Stakeholders 
Unconscious compe-
tence 
Public Display Net-
work, Activity Streams, 
30s video 
The general public 
Conscious incompe-
tence 
Mobile apps, E-
Learning Content, 
Training in schools 
The general public, 
school children  & 
parents 
Conscious compe-
tence 
Volunteer Notification 
System (VNS) 
“Educated” volun-
teers 
Table 1. Competence levels, activities and stakeholders of the EMuRgency project 
 
In the next chapter we describe the technical infrastructure developed in 
the project. We start with the display network and the activity stream 
prototype, discuss educational innovations and introduce the Volunteer 
Notification System (VNS). 
3 Technical Infrastructure of the EMuRgency project 
3.1 Display Network 
 
Public ambient displays are increasingly used in our surroundings i.e. 
train stations, universities, shopping malls etc. [10]. These kinds of dis-
plays have a potential to become a global and powerful communication 
channel. Ambient displays are well suited as a means to keep users 
aware of people or general states of large systems, like network traffic 
and weather, or in the case of this project, health. For example, we can 
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use a display to make people aware of the survival chances in their own 
region in case of a cardiac arrest. Knowing about these survival chanc-
es, they might decide it would be good to learn about resuscitation in 
case an incident happens in their own environment. Furthermore, we 
aim to use these public displays as they offer the needed affordances 
that can help to: 
• increase procedural knowledge of laymen about resuscitation, 
like: the basic steps (i.e recognize, check for breathing, call for 
help, and start chest compressions), places where to learn these 
steps, etc.  
• strengthen factual knowledge on the subject; how many cardiac 
arrest are happening in a specific region, what are the corre-
sponding survival rates and how many volunteers are registered 
in my neighborhood, etc.  
• recruit new volunteers for the EMuRgency notification system in 
order to create a safer region. 
 
We will now first introduce the technology that the project has put in 
place for creating a network of public displays. Secondly, we will in-
troduce the first prototype applications that have been developed for the 
display network.  
An infrastructure for managing public displays has been deployed 
with the use of Signage-technology [11]. This infrastructure allows us 
to set-up a network of displays across the region in a variety of places 
such as train stations, waiting rooms, hospitals, etc. on a multitude of 
devices from big screens (i.e. projectors, televisions, etc.) to smaller 
and more personalized screens such as tablets, smartphones, etc.  Fig-
ure 3 presents the EMuRgency network of public displays.  
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Fig. 2. The EMuRgency network of public displays 
 
The Signage network has a dedicated server connected to the Internet. 
The authoring tool called Signage Studio can be installed on any com-
puter to administer stations connected to the Signage server. This tool 
allows us to design different so-called ‘campaigns’ with different types 
of contents such as videos, pictures, webpages, etc. The designer of the 
campaign can assign, update or schedule different campaigns to indi-
vidual or multiple stations, as long as they are connected to the signage 
server. Each of these stations is connected to the network by running a 
signage player. Interested display owners can join the signage network 
through the installation of a dedicated client, the use of a unique URL 
or the integration of media from the project into their own system. 
As described previously, the aim is to increase laymen’s emotional in-
volvement. The public displays therefore show awareness-raising vide-
os, facts about cardiac arrest, and near-live data visualizations. The 
method and guidelines used to design and develop our display cam-
paigns are listed by Schmidt & Terrenghi [12] .These include: 
• Embedding information where and when it is useful. For example, 
when a person is sitting in a waiting room of the hospital, he or she 
might be more accessible then usual for information about cardiac ar-
rest.  
Interaction Design and Architecture(s) Journal - IxD&A, N. 17, 2013, pp. 77-91
• The information provided should not be forced onto people or their 
immediate environment. It should invite them to reflect on the infor-
mation and potentially decide to learn about resuscitation and be-
come a volunteer within the system.   
• Aesthetics are of key importance and it should be reflected in the 
design. A rapid prototype design methodology from paper mockups 
to digital prototypes, which can be evaluated with real users in real-
time settings, is therefore adopted.  
 
Three types of content have been developed until now. First of all, a 
video has been produced in three languages (Dutch, German and 
French) to increase procedural knowledge about resuscitation. This 
video can be accessed online at the YouTube channel of the project1 
Secondly, a web application has been created based on so-called 
“Social Awareness Streams” or “Activity Streams (AS)” to enable vol-
unteers to share thoughts, activities and information with different 
types of contacts [13]. These streams can be either stand-alone (such as 
Twitter), or be embedded into other system (such as the Facebook news 
feed). This web application allows us to capture different events and 
provide the possibility to embed these on the different software compo-
nents developed in the project, as seen in Figure 3.   
For example, when a training course is scheduled and shared through 
the EMuRgency Activity Stream (AS) the details will be automatically 
disseminated to (i) the mobile VNS client that is running in the devices 
of the users, to (ii)  the public displays of the Signage network, and (iii) 
in the project’s news feed. Currently we are storing and distributing 
different types of activities, such as: case events, training-courses, up-
coming events, AED locations, texts and video resources. The VNS 
Server is connected to the EMuRgency AS in order to share and store 
the different case events reported across the region. On a later stage, 
these will be post-processed and different visualizations are created 
using the aggregated data. 
                                                
1  http://bit.ly/emUrgency 
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Fig. 3. The EMuRgency Activity Stream architecture. 
The third type of content is a heatmap visualization of the Euregio 
Meuse-Rhine. A geographical map is drawn on the display, covering 
the whole region where the project is active. A heatmap is overlayed 
where the range of - from blue to red - colors encodes the number of 
medical incidents to which an ambulance was called. Blue indicated 
little incidents while red means many incidents. Extra controls have 
been added to filter on specific time-periods. Together with a ‘play’ 
button, a user can see the number of incidents over time. At this time of 
development, the data for this visualization comes from the P2000 
monitor in the Netherlands (http://www.p2000-online.net/). This moni-
tor is part of the communication network of the Dutch emergency ser-
vices such as the police, ambulance and firemen. Hence, the heatmap is 
only shown above the northern part of the geographical map. Once the 
VNS is used by the dispatcher systems in the three countries, we will 
have data of all parts of the EMR region and therefore the heatmap will 
cover the complete map. Furthermore, the data from P2000 is not car-
diac-arrest specific, which means that the heatmaps shows all incidents 
to which an ambulance was called. Our aim is to visualize the number 
of volunteers in the regions in a similar way. 
As method for active contribution of data/crowdsourcing, the AED-
Pointer platform will be used to locate metadata about locations and 
access to Automated External Defibrillators (AED) in the region. These 
data are not publicly available and can thus not be used by the profes-
sional services or the VNS. 
 
VNS Mobile 
Client
VNS Server
EMuRgency 
Website
Browser 
Bookmarklet
Public 
Display
Newsfeed
EMuRgency AS
Store Aggregated data
AED Pointer
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3.2 Educational innovations for CPR training 
In the project we have followed a proposal by Handley [14] to structure 
the training activities according to three different levels: The bronze 
level is the minimal training unit a layperson does need to take appro-
priate action (check, call, compress), the silver level includes artificial 
respiration and finally the gold level is compliant with the curriculum 
of basic life support standard (BLS). On all levels an optional AED 
module can be done. This curriculum is the basis for several education-
al innovations targeted at learners from level 2 and 3 of the conscious 
competence model.  
To increase the flexible access to CPR training, we have first started 
to develop a standard E-Learning solution that can be used by the gen-
eral public or by institutions from the region that would like to offer 
CPR training to their employees. This E-Learning unit will be pub-
lished as an Open Educational Resource in two formats: A stand-alone 
version that can be used for individuals and a version in SCORM-
format that can be used in Learning Management Systems of the insti-
tutions. 
A second approach to increase the access to low-threshold CPR 
training is the use of video-units and mobile training apps. For the use 
in the display network, but also for preparatory activities of face-2-face 
training sessions we have developed a 30-second video about cardiac 
arrest and the basic steps. Other authors have reported positive effects 
of instructional videos and reminder videos about CPR [15]. Especially 
the study presented in [16] has demonstrated the effectiveness of video-
based CPR training for laymen/first responders. We are currently con-
ducting a study aiming to show that even with shorter videos basic 
knowledge building processes are initiated. For the development of a 
mobile training app we are currently finalizing a review of existing 
CPR apps. Existing apps have been first evaluated by domain experts 
with regard to their correctness, functionalities and compliance with 
current guidelines. In addition we have conducted a usability evaluation 
of the best 13 apps with laymen. These findings will inform the design 
of our own mobile learning app for CPR training. 
For traditional group training approaches we are currently evaluating 
a game-based learning concept that has the goal to make CPR training 
more authentic compared to the classical 4 hour training that is divided 
into lecture and training on a manikin. Instead we have used the AR-
Learn framework [17] to design a training concept in which couples of 
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players explore content items with a mobile phone, followed by ad-
dressing a case scenario in their direct environment in which CPR is 
needed. Player A uses the mobile phone to access content items and for 
routing to a case in their direct vicinity the other player uses the phone 
to record the performance. These recordings are later compared to a 
gold-standard video and the players have to do a self-assessment of 
their performance. Their self-assessment is then discussed with an in-
structor who is responsible to provide feedback to the players. 
 
3.3 The Volunteer Notification System (VNS) 
The Volunteer Notification System (VNS) is a prototype solution for 
offering faster response treatment by involving volunteers into the chain 
of survival. The basic concept of the VNS is the location tracking of the 
registered users and putting it in context to the location of an ongoing 
emergency situation. In case of an incoming emergency call, the VNS 
uses this information in order to notify those potential helpers who are 
geographically close to the place of incident and therefore can arrive on 
scene before the professional EMS (Emergency Medial Services).  
Current progress in mobile technologies and the continuous growing 
popularity for portable digital devices with Internet access (e.g. 
Smartphones, Tablet PCs etc.) offer a great potential for the develop-
ment of new solutions like the VNS. By simply using existing hardware 
and infrastructure and without supplying any special devices, a VNS is 
able to reach many potential volunteers. Some of the notable built-in 
features modern mobile devices own are real time internet connections, 
notification options with several possible ways to get the volunteers at-
tention (e.g. sound, vibration etc.) and a great variety of context sensors 
to enable situation-based functionality like GPS, compass, tilt, etc. In 
addition, almost all modern mobile devices run operating systems (OS) 
that can be accessed with open Advanced Programming Interfaces 
(APIs) so that third-party developers can write their own applications 
for those devices.  
Even for the core functionality of the VNS – i.e. the effective locali-
zation of volunteers - different companies and research groups are work-
ing on solutions, offering a variety of frameworks  with base function-
ality to access localization data for different types of devices. One of the 
most advanced examples is Android’s Location API, which is part of the 
Android software platform, developed by Google in conjunction with 
the Open Handset Alliance (OHA). 
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Whenever the VNS receives information on a new emergency it will 
identify potential volunteers in the close vicinity of the incident and 
immediately inform those in walking distance of the ongoing emergen-
cy.  
The distance, that an individual can travel within a given time inter-
val, depends on many different parameters. Walking speed, for example, 
differs from person to person, depending on age, fitness, etc. but also on 
group compositions (e.g. walking with children). Another parameter is 
the topology of the incidents, location, or the type of movement by 
which a volunteer travels to the incident (e.g. by car, bicycle or walk-
ing). In order to meet these concerns, a personalized profile setting is 
created, giving any registered volunteer the option to define an individu-
al notification distance by configuring the appropriate parameter in their 
user profile. To maintain a realistic range, the maximum distance a user 
can set is limited to 1 km at the moment.  
As long as a client is not involved in an ongoing case, the main 
communication that occurs between the mobile clients and the server is 
a client-to-server location publishing that automatically gets invoked in 
a predefined time interval. While a simple implementation approach for 
this is a common HTTP POST method, the push communication used to 
send data from the server to a specific client is an entirely different mat-
ter. The World Wide Web (WWW) was originally not intended to sup-
port bidirectional communication and therefore does not include the 
corresponding specifications or protocols. With HTML 5 introducing 
the WebSocket JavaScript interface, a native solution for bidirectional 
communication is available. Once a WebSocket connection has been 
established between client and server, instant data communication be-
comes possible between both sides without explicitly having to deal 
with technical differences. Based on this kind of real time connectivity, 
a variety of different features can be implemented, including chat chan-
nels for notified helpers and live camera streaming from the place of 
incident. With HTTP requests generally including a response-content, 
the message flow for general information and event data has been im-
plemented as a HTTP response to an occurred location update and thus 
does not need any special connectivity but internet access.  
Analyzing the base functionalities, there is one type of message that 
cannot wait for the next “location publish” in order to be sent as a reply 
from server to client, but instead needs to be send instantly; a new case 
notification message. This message initiates a new case on the server 
and alarms any potential helper in walking distance to the emergency; 
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the message needs to arrive on the client with the smallest delay possi-
ble.  
In order to push messages from a server to a mobile client, different 
cloud messaging solutions are available but generally represent very 
individual solutions that only work for specific devices or operation sys-
tems. Our messaging architecture at this point of development, uses 
common HTTP posts that are implemented for client-to-server location 
updates; the response content of the HTTP posts is processed in order to 
send event data from the server back to the client; new cases are initial-
ized by using device specific APIs in order to push notification messag-
es from the server to the mobile clients; and a real time Web. 
The architecture of the EMuRgency VNS is illustrated in Fig. 4. 
Fig. 4. Essential components of the EMuRgency VNS 
Currently, several test and evaluation scenarios with partners are set 
up in the region and possible collaboration scenarios are being dis-
cussed with the local dispatch centers in order to integrate the VNS 
within the existing emergency workflow.  
4 Discussion and Outlook 
The EMuRgency project contributes to the idea of “smart cities 
learning” by addressing a global problem with regional and local ap-
proaches. Cardiac arrest is an exemplary problem that can neither be 
solved by medical, technical or educational solutions alone. Hence, the 
project is a socio-technical innovation project that uses a combination 
of technologies and interventions to make citizens in the Euregio 
Rhine-Meuse aware of the problem (step from unconscious incompe-
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tence to conscious incompetence) and offer them low-threshold educa-
tional solutions that increase their knowledge, competences and self-
efficacy in case of a cardiac arrest (step from conscious incompetence 
to conscious competence). Thus one of the underlying models we pro-
pose for smart cities learning scenarios is flow process that starts from 
awareness raising to non-fomal learning activities and formal learning 
activities and ends up in volunteering to help to address societal prob-
lems as depicted in fig. 5. 
 
 
Fig. 5. EMuRgency educational flow process 
 
The infrastructure in the region is used to support this awareness-
raising and involvement of the general public. During the first 12 
month of development, the necessity of a seamless integration between 
the technical- and the sociological components became obvious. With 
the system depending on volunteer participation, the public awareness 
on both, the general topic of Sudden Cardiac Arrest and also the public 
opinion on the project itself, is of crucial importance. Promising con-
cepts rely on long term planning of citizen involvement; starting at 
school age and confronting children and teenagers with the importance 
of realizing and detecting medical emergencies and offering continuous 
possibilities for all citizens of all ages to learn and participate in offered 
courses and training possibilities. It is important to underline, that a 
long-term citizen involvement cannot be achieved by a one-time im-
plementation of a simple pre-defined concept, but instead requires the 
collaboration and engagement of people from different interest groups; 
e.g. institutional, organizational and private. 
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